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Relationship between Flood Damage and Flood Vulnerability Focusing on
Property Damage and Human Casualties
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Abstract

This study advocates developing efficient disaster management strategies and recognizing potential risk areas by
studying areas historically affected by severe flood damage. Prior research in Korea has predominantly concentrated on
property damage as the main signifier of flood impact, but human casualties are equally significant. Machine learning
methods were used in this study to split flood damage into property damage and human casualties. We also explore the
connection between damage characteristics and factors contributing to flood vulnerability. The Gradient Boosting and
Random Forest models were identified as the most appropriate for forecasting property damage and human casualties,
respectively. This study reveals that various elements influence property damage and human casualties. Physical elements
and high rainfall exposure cause property damage, while demographic attributes and the drainage capability of impacted
regions influence human casualties. Thus, this research underscores the need to consider property damage and human
casualties when determining relevant policies. By differentiating between property damage and human casualties and
examining the nonlinear connection between flood damage and key vulnerability features, this study aids urban planning
initiatives to foster flood-resistant communities.
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Jeong and Yoon, 2018). ZAFAA3 wafH <=, AAE, &
A, 7% T AR YA AE, A 22 ARGALEF
o W¥sk= B2 Ql HaiE SHAY 72 AFdgE Aol
SEA|GE, AR wSiE a2 uf A= s AFY H F
&e Y& oA o] disf aLeishz Zlo] asict ushi
w3t w3 resh=Alof upet Foka o] tE = 7] Wi
ot} dI& E0l, YT 4 A3 kIl HE YTt =
3, BEAQ FAAZE7E 2 Ao A Asf wlsjfo] A A
S o] AHAE - AW, 2013; Yoon, 2012), BHH, 2AF
o] - x| 99| Aafchg Aol F2 vl=A| X o)A o &
Al Yehs o] dtHTellman et al., 2020: Jamshed et
al., 2020). o|¢t Zo|, A,usfE E2]Z2 T2 BeA AF
Y| SAshH=Alol wo} webs= maf ol o detd 4=
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Z1 €], 2018), H&o| AAA R TP sk APY, AT L IR
£ 8o 2 o AT 7} HER ik 71E0] glof, AR
A9E A HE|R K7 d}3l(Tellman et al., 2020 Bak-
kensen et al., 2017), APEAI} FAE 7H52] glo] T3] A
202 FAiste] QY us= 3] = §HHZahran et al.,
2008; °1FA- HAY, 2016; ARA-ZAFA, 2018). olet L2
olf-= 53| S-Eute] B¢ M glaa Bl W 7]E A
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7o o3t ofsE Wd]alA} 3ttt o|F el A, AA+
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Table 1. Indicators related to Flood Vulnerability Index in the previous research

Component Indicator References
Average of maximum daily Pathak et al. (2020), Chuang et al. (2020), Kang and Lee (2012),
Exposure  Climate rainfall Kim, J. et al. (2013), Park and Song (2014)
Index (El) ~ factors Number of days with morethan ~ Pathak et al. (2020), Chuang et al. (2020), Munyai et al. (2019),
80 mm rainfall Kang and Lee (2012), Park and Song (2014)
i : Pathak et al (2020), Salazar-Briones et al. (2020),
Areawithin 100 mfromivers 0 ond | ee (2012), Kim, S.J. et al. (2013), Seo and Han (2019)
Salazar-Briones et al. (2020), Munyai et al. (2019),
Density of steep slopes Kang and Lee (2012), Kim, S.J. et al. (2013), Seo and Han (2019),
; Shinetal. (2019)
Physical
factors Ratio of low-lying land belowan  Leeetal (2020), Kim, J etal (2013), Kim,S.J etal (2013),
average altitude Seo and Han (2019)
oo Chuang et al. (2020), Bigi et al. (2021), Kang and Lee (2012),
Raticolimpesmieabld ared Lee et al. (2020), Kim, J_et al. (2013), Shin et al. (2019)
Ratio of old single houses Bigi et al. (2021), Lee et al (2020), Seo and Han (2019)
Sensitivity Salazar-Briones et al. (2020), Tascon-Gonzalez et al. (2020),
Index (SI) Population density Chuang et al. (2020), Munyai et al. (2019), Kim, J. et al. (2013),
: Shin et al. (2019)
Population
factors Ratio of older single households ~ Kim et al. (2018), Park et al. (2020}, Seo and Han (2019)
Perperitage:ol peoplengedoyer Salazar-Briones et al (2020), Tate et al. (2021), Seo and Han (2019)
65 or under 5 years old
Percentageat.coonamically Pathak et al. (2020), Tascon-Gonzalez et al. (2020)
vulnerable group
Economical Bigi et al. (2021), Kim et al. (2018), Tate et al. (2021),
factors Unemployment rate Munyai et al. (2019)
: Kim et al. (2018), NDMI (2011), Park et al. (2020), Lee et al. (2020),
ERyeehracslly shinetal (2019)
Ratio of embankment area Kim et al. (2018), Munyai et al. (2019), NDMI (2011)
: : Bigi et al (2021), Kang and Lee (2012), Kim, J. et al. (2013),
Physical Ratio of green area
factors Park and Song (2014)
Bigi et al. (2021), Kim, J_ et al. (2013), Park and Song (2014),
Length of storm sewer per area Shin et al. (2019)
. Number of medical and health Tascon-Gonzalez et al. (2020), Kim et al. (2018),
gdapn);e workers Park and Song (2014)
apacity ) — . .
Index (ACI) Population  Number of firefighters and police ~ Tascon-Gonzalez et al. (2020), Munyai et al. (2019),
factors officers Kim, J. et al. (2013)
Ratio of the population who are Jeong and Yoon (2018)
under elementary education
) Level of Financial independence  Shin etal (2019), Kim, J. et al. (2013), Park and Song (2014)
Economical = -
factors Ratio of insurance subscribers for

flood damage

Pathak et al (2020), Munyai et al (2019)

o] tieF3t7] wiioll, F4& 42 883l SAFCE f-9n|
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A7shs AEZY W (Entropy)& B-83517]% gtHTascon-
Gonzales et al., 2020; 83} 5411, 2014).
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wajdE F2 ARJIHTellman et al., 2020: Jeong and
Yoon, 2018; - AukE, 2013), AR wla]e 2-g3t o}
79 AT EAAY B4 82l0] LTS 715417
= Fa% aQos EEEIHAF, 2003 HE- AT,
2013; AHEE 9], 2016), o)= o1te} oAl AL WEr} 8 &
AR QoA Hmjsidlo] B A Uehhs 402 3l EA
A 9q9| Exjol-g A AB]-FAF], DA, AT 4 29l0]
Yo 7HgA7le FEeE vERd Aol sA|Ut bE
dFME B2 FA4 L= 42 2 HEAAYY EXol
E4E A A2 7I5A7 = 290 BY)E gt Tellman
et al,, 2020; Jeong and Yoon, 2018). =A% EA4H02 tj&
B Uk 52 FYUIA(Compact community)E 23812 =
A2 FHE 2EaHol|x0] WA S o) HE §4g
2 013, HlE9 BUGES AAtte] AsHsiE E017] W&
°]tHJeong and Yoon, 2018). TEpA] AA2Hd W HHeHE &
A F 52 FA Y= W2 532572 Asfu e 247
A, T FAES} AR Asju e S AlE Y
EttHJeong and Yoon, 2018). 2 72 73et AJsf =2
9o s, Fat FAETH 22 AHS AES 7EA
# g B FEo) F71817] dieol sl Axl= 22l
02 BrHu]3-vgE, 2019; Jeong and Yoon, 2018).

T, 2AAs vsjYo] FHE vjA= E UE Qe EEs
A 99| QT EAo] ik, 53|, 71E HPdFolA= BAA H
S Uehlis ALSST S, FAUE5 &2400F 8
Qo] AR E 7HFAI7IE A2 YEtHTellman et
al., 2020; Jeong and Yoon, 2018). °l= A3 FHFAS2 &
oz 4= Yol T2 A HellA] olF3HA] Rslal AHF3te
X T Al =4 =281, AAAS 22 3 A Y
o} FARRE £QHN, TR -2 S52 A9k uf¢
A z517] wjFEolcHBakkensen et al,, 2017; Rufat et al,,
2019: Tellman et al., 2020),

oo 2, AAA 22 F AY % Y BA| ol A3
mjsjlat fAol Sl Aoz Yyt A QAR 9] HIE2 vl
=59 2 R 710 ol g star, AsjusiEiE
35S A7l f4o] H7] dizel A9 FAEe] W2
5 Asiusido] FoAl= HiE WetHJeong and Yoon,
2018). ol 7hdet fAQ1F 0| B4 B AAEAC] w2 A
& Hol& A3 22 WFo|tiTellman et al., 2020). 3HH, F
g7170] W XY U3t FARF L H R Uz} FX=
2E Logozn Feusdo] w4 UebgtHTellman et
al.., 2020).
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2] ot WA YT A= F= ARRE Fopdt <
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Jula] 7ke] PAE 7 EHZahran et al., 2008: Bakkensen
etal., 2017; Tellman et al,, 2020), =2]2] E=52 n|=& 4]
©2 20059 Katrina Ei%- #3f o]F, #7474 2}(Environmental
Justice) ti/do] RHAAN7IA] o] wet, X2 AR 3
epdo] =usfol] F3o] Sl=A ¥l bl 7|8k Maantay
and Maroko, 2009: Cutter and Finch, 2008 Tate et al.,
2021), A Ao = 2 Ut AP se £enFoly
THAE, BAH HHAS, =AU 2 F5oF 5 ARA - AAA H
fAZol =A AFshe AQolA =A Yehvke Aoz BER
tHZahran et al., 2008; Bakkensen et al., 2017 Tellman et
al,, 2020). o= AHH7} At AR o] ofaf WIS AR
o 219 9] HoFd a2lo] Q1Eu3)e] wWAef £-2Ju|dt G v
A & Auigitt, ALEE F{opAlSY AFA G = A%
AF s LAo] A A= ol e THAYGY *
= A7t AaS5AFo] AFAE st 2908 ALAA
WA 2 g o5 Aol FA7F ulEet 29, AA1A oA
59 din] 5ol 153 29 F A Q9 IHHAe E43 BER
tHBakkensen et al,, 2017; Rufat et al., 2019; Tellman et
al., 2020).

EZ M4 AR sl Al =5 S =24 - EAA dEE
9% S vAE A2 YEy, ST et
Zo] FALHA AT A3l =5 ARA SRl HEA
U A& 2ol 248 WAYsHs Ay H )7t @tcHAshley and
Ashley, 2008; Jonkman and Kelman, 2005 Jonkman, 2014),
=93 g133 9oz Yo 2} FAA g3 ades I+
g2 7I0E0] ¥2rE A ABYsi7t gises 982
HoltiZahran et al., 2008), o]= Wo] =9|zA =2 7HE0] ¥
e ordsla, o3RS YeE AT FAF £4of vl
T Qe A BAA g wrgtr] diolt,

= et BT AP e 4F9E FrFord AR
£ A53] A% gaiA E2 w3} o Eo] Agus] W M
HAo] BEHAV(HEA - ZFAH, 2018; o154 -JFY,
2016), TR EHE HFoF A 9E AAsto ATELS E4
a17] flaf ABu 8] A&7t L-EEHLee et al., 2020). o] 2!
o= AFTA 0 BiYs|e 3laEE - 258, 2018),
AP AE - AR FeR Aol FHolFA - HEY,
2016 8- 74, 2018). ol AAAF EofoflA EHF
off tigt 7kA] gt 71E0] AHEA @2 FAR diFEed, A
BAte] 7B AFBARR) Al dijt 7152 7|%o] AEARL
2 AMARIG A1) HEo T Aol Elo] glo] 0|8 Tg
3h71% grholdd 2, 2016; 247, 2018; 2474 H58,
2018), ARRlA o] B3] A= Q1% Qg vl e WA R =7}
Wi, R on £3) R A YR FAIE] ofd
& BA7E Q10| YubA o= ApgRpEL BARLS] 471 AA| A4
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gl 540] 3tHDoocy et al., 2013: 531 9], 2018). o]=gt
YA o2 A W Ysi= A STt WA U4
Eoigtal, ARR|A I t2A F7F AR gH4F 71Ee] BAjsit
(F54 9, 2018: 2HS-- 58, 2018; FEILFH, 2018). &
3 7pEke] oS 71E A dtelA <l uE]
& 78 Y3fr|x2 312{3}7]0f A = 28313t

2, A ulshe w7t BASHA ok 09] Fhol B AH= Y
BEXE4 w2}, dBFTAM e 90 SoF AR
(Zero-inflated Negative Binomial Regression)% 2851
AFE]E Fopdat e A u Y 9 BAE EATHTel-
man et al,, 2020; Zahran et al,, 2008), %1}2] S0]3} 3|72
B (Zero-inflated Negative Binomial Regression)% Azdo]
WAEEA| oR Feh Abdo] AR ek st 00] A
o FEAHdo] HAsHA] ok 81 okl 2ol IR
o= o] obd YmA] B2 9] YRS EA ALY FE)E 4
Sk Lo, wheha] gHF 79| AR A o3 BRAE 2F
A 0] S E 7HALE WABES FEst 35k, 7t
AR WSS 772 FoRFREL oA S B8 &
o1 3 E ol83l7] YEol TAA F48E FET = Qi

3. 7|1& g+ele| xiEd

Qg ujsfiet mlsjolof] Fake u|A= AeFY 820 (F 2
9} Zo] FF A} Aol o] EARIY, Q] HaPALol| 4] mfy
o QP EiE st -} wAE HES L Aol vls|
LejyetA e Faeas) AR2 P E g A7) of
£ BE31t, ol A2 WAk Yo WA HiEE Ea
TRE & Y, e AP vsjo] vls] ddidoz o
A Rl 931 RE 27| o] 4us) Axz Yy
o] Fa%7t WA QAE L AolthE5R 9, 2018). H&o]
Qg s} W& Al RltQ} o|HIEA Hloje Ex2 APl
2y AR 7Hgol AdstA] @2 A7} Slo] 71E ARAT
oA Q= - BAARE ofY it SEXIRE 32] AtoflAf
+ AF 3 A E4E g FAF LYo R FFIAL o
o, 319 AT dijof] =1, slejHat Qgusfo] Ik
o2l AeFd 221 tE=A UehhdthTellman et al,,
2020; Zahran et al,, 2008), o] =&} Fof w}e} FH=u3) 9]
WA 7147 tha-& AR,

2 dAs FUE g R wajdat Qul s dAgo] Fke
u2= M FAd 29U wHo=H 71E A8 Mol A
ZHstal Qe A=us) 2o whE WA 71419 2}olE 28Tt
o] oloj7} ek, W E AHollA= A= AFA 7ol gl
B3] FA7|HS 71A13ks 23S B8l Musfior i
e 8.9 7P A BAE EAFFe 2N, HEAU A

BYE GEoto W I AFIAE FASh 7)E et A
HE 7RI, B 7R 71AIShE REYS vEed HPee B
A 7H9E Ba = S| g4, oA AAIge] Aolg F
4R Sk fglofE S4%E e Aol sl shastal, stk
o & glA AR AT B AN R 2%
OS2 BEZ FESL, 479 EF 7N 7|Asg B2 9
S ES WAy Ee Ao FEY] g 24k &
ojH, FEEE Fole At YHARFE <, 2018; Chen et
al., 2020). 0|23 A4ko 2 7| A S BHL oAU 0|29
7%k 5440) 71 wieel Ausiet 2ol Sl oHEA
dlojelof FFade dPslr|o] AE2el ARG} 74}
& 239 dyeo] o Ertn d#A ¢ItHTehrany et al.
2014. Yoon and Jeong, 2016: Rahmati and Pourghasemi,
2017). o]l & Aol gt Agulsho] FFE vH= 3
7 8912 B8 7]t 7AIShG RYOR HSUCEH V|E
A BRolA glolE ZE7} 7S Hlufste AT Qe 2
¥ 7749 eFE MIshL, FH R FREE HU

, S
1. EMo &

& A7 5242 MAysE et dPsiE sk
3] Fe 24 AeusE HeFief 891 7 e|4d
A BAE 43k Aol & A+ (0¥ DI 2 A+
52 & AYE, o3 Al 71 A5 AR @tz st
Tk FAIA Q] A7 A TS o

A, AolsiE Yehdle waida) e s e ofmet
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Table 2. Causes of property damage and human casualties due to flooding

Flood
Indicator F;;%p:rtz human References
9 casualties

Flood type O
Natural Precipitation © © = Property damage: Jeong and Yoon (2018), Choi (2003)
environmental ~ Average slope O = Human casualties: Zahran et al. (2008),
characteristics = Doocy et al. (2013)

River @]

Low lands O

Age (children, elerly) @] O

Sex (female) O O

= Property damage: Yoon (2012), Choi (2003), Shim et al.
e Race (coky) 9 © (2012), Seo et al. (2016), Choi and Seo (2013),
opulation -
&l Population change O Tellman et al. (2020)

characteristics A

Population dersiy o o = Human casualties: Lee et al (2020), Zahran et al. (2008),

P Tellman et al. (2020), Doocy et al. (2013)

Education level @]

Total population @] O

Rural area @ @]

Urban area O = Property damage: Yoon (2012), Jeong and Yoon (2018),
Land use Choi (2003), Shim et al. (2012), Seo et al. (2016),
characteristics Greenand parkiared & Choi and Seo (2013), Tellman et al. (2020)

Impermeable area ®) = Human casualties: Tellman et al. (2020)

Wetland, bare ground O

Housing density @]

Urbanized area @]
Construction Buliding floor s © = Property damage: Yoon (2012), Jeong and Yoon (2018),
environmental ~ Sewage pipe O Seo et al (2016), Choi and Seo (2013),
characteristics vilicrableresidential type o Tellman et al. (2020)

Old buildings O

Road density (@)

Income O O

Flood damage insurance O

Housing prices O = Property damage: Yoon (2012), Jeong and Yoon (2018),

; .. Unemployment rate @) Seo et al (2016), Tellman et al. (2020)

Eﬁggg?gg&g? : - = Human casualties: Zahran et al. (2008),

Manufacturing ratio ©) Tellman et al. (2020), Jonkman (2014),

The size of the city budget 0 Doocy etal. (2013)

GDP per population O

Developing countries O

The area of the embarkment @]
Disaster defense = Property damage: Shim et al. (2012)
characteristics Nurberergdms © = Human casualties: Zahran et al. (2008)

Reservoirs, rervoir area @]

2ko)7t EAISH=TF? o1 3l Au3f 2| &2 7|1 2F AR At
Az 2E S4E 245kl wsjat gujs) 7t A
w4 9 37H] 22 E 242§l F 719 A A=
7t HRAAE 2tk EA, T} 1 Els] Ao 714
She 783 AFeF a9l Aols FAWN? Aa-ulshol I

154 e, M58 Mas (2023)

< v|Ae AeFF 2908 2437] f3 £ dFolM= 28 3
AR} oI F79] HAlEd 2% vlastal, R-Squared
3 EE2HY 2 AHMAE, Mean Absolute Error), A5t
2 XHRMSE, Root Mean Square Error)& B|iL3}o] 7} 9=
g 2HE ARt AAE ZYolA wafid} iy use] o
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2o ¥FE viA= ArFdd 299 FREE 47 a0,
olof] thgh ol & vlugict, AlA, ujsffx Qlrgushof it
FHAA 229 vAEE JFHL o|RA HIE7I? Partial
Dependence Plot(PDP)& &85} 7| A8k oAl 4=1]
39 & FasHA =E8 AeFFd 29 dA AN
(marginal effect)& BATITL PDP= IAIHSE AT Uy
A WLES B s AT AEloA, B e e
T W7 A Sgke AR F, dSaEe] BdS 22
Jdgze Jetd Zlog, S50 APHse AguA Rt
ob 2} HAFUA = AP < = Hol)

2, Heol 71y

2 g7 "= 297 Al-2-F5 FE SR s,
201992 AlZH 71€ L8 jitt, Asensis £ A7 B3t
A7) whiel] 201089548 201997H4] 1087 F02 Fict,
FTe A2 FUTFE Wreol ditlo] 24E o
sy} olguisf= b, YA ToA sfuict L7isk= 3]
HEO| ArE B3t vl gyl HojE = AsAR
of A== 22971 Al- - -2 AR S w Y AP AF- R
AR} 425 FhAESIo] AR 0 H(Zahran et al,, 2008; ©]F4] -
FHEY, 2016: ARA-Z2FA, 2018).” 201082E 201997H4]
1087t Fgio g kit oju 191 Hafjo} uinielg <l
B2 2EI3ICE

AR BEEE IeF #4292 1PCC(2007))
Vulnerability 7188 331819, A3i=& Z|<(EL, Exposure
Index), H7He Z|<=(SI, Sensitivity Index), 2§ 59 A+
(ACI, Adaptive Capacity Index)2 73ttt AFH 3
T8k dieae A AT Feulafid E= Qrgu] 3o
o3t 9F BAL Yl MaEE FAH2E XIS A3l
£ Aee 7134 84 A UrEE AN, UdE A
o} 2359 Ao #ee B4 w2t 2214 89, A3 &
Ql, A gQlog FEgin, o] WSS 201993 A|ITHE
71Eo 2 515, At wE o2 201595 2019
W7HA] 5387t Bt o2 g,

FFFNE 29 F A=z A 7143 89 EAE A=
‘A | ey A 72T 80mm o4l AFTL A5 F
A3t Aol BaL, @71 B2 4ol WiEle JFEt
YATETE Y T =5 o] AR w2t AP ATl A] o
BH 02 AME|= ofj 2ot

1H3E 29 5 293 48 Uil ¥see =3 955
g vlgyd 1909 EF g 1A, A v, SR 1
& ARSI =7 955 HE 2 A 7Y Fofl EF 309
ol =¥ T5FE v|ZE, NA] 7|53} Ajsf o £4 A

AN ANSHE A Fokrde] sgstns 2ol 1
ARQIOZ WG A1 WA vl HA FPEH F =
A WA NE AR, BAYE, olAUE FOZ Yol B
o AR Tt BES B Ushin, A4 WAL 71F
A7l 89102 Ao ek, SRS A F 7E BPR
o] AR BleS vhehle, FAAA WEE FuAerd
o] FPAMZ TG A28 FAAY B3ARG
WEolt}, oS F9 WA A, MYl hE W4 Y 7ks
B3t FANS ME 9498 SEZ B3 9150] 7] T
Beld gaglo Agch BAH SHOEE V12ABS
A Ul Tejsie, RABEIAE A, A50] He
A AFAZOR, AAH AP HED 4 9k 3, A
74 5402 ‘Gho} W =P v &S Tejshey], ‘G oot X
w2 B ) Q1 FoUA 54 o119k 654] ol AT Bl
2 AA18 HopyL vehict,

A3 091 F BeH B4 MERE AYAT o] s
7 S AN B o] SR, 199 EAFURE,
‘B4 W ATAA B v, A W vl Tefi, o
S AMSFE AYAT Pl SGBA AHEFOE BE
& AR N i WA HT 4 U AFS WUt
A1 A Pl SARE L FRES AS L ol ge] B
8,014 AFSHE EAAY A o] 44 B e, ©
ARG NE B4 B 4 Yk 89102 A3, B,
EAFY 7120 2 BEEE 109 EAFY WAL B4R
o ) A FUIY FATUY AR AT4E e gog,
AT AFA U NB T4 Folt RAOE WP 74
A W ATAA A W& A B e AU ofp) =
AARAE B 02, 0] WS WAL WE 5L
A7) 29102 2§ AAH SHOE AP A
R A A L RS 5 AR 24 AR A%
Al A AP FY e Mgsieich. A7H B4 2
QT o] o)l 4 H4E gk s WA A 87
23 U ARYSZ AP L NS NES 5 A S
2 etk 1102PAIE WE'E AR U 1192HAE
S ARL IR 7HA) 1199PHATE O] ARS sk, e
AT AT WA A 2YTFHUES) N3 77 gL
urggt.

v, &+ 23}
1. F=rmlatiel EeHURR! 7|=SA 24

1) f2lLizt Z5als) £
wjsflat QIgu s 7t APHE RE(C1E 2)9 712 AR (R
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Figure 2. Scatter plot between property damage and human
casualties

Table 3. Basic statistical analysis for flood damage

Category Obs. Mean Std.dev. Min. Max.
Avag. property
damage (1,000
won/person)

229 202664 31.7924 0 186.0118

Avg. human
casualties
(poeple/1,000,000

people)

229 1564723 339666 O 2636168

3 AH R, wsjo] HF-- 20,2664 Y/Qolal, EFHA
£ 31.7924(H 9/ e, AHL3] B 15.4723(21/HTH)
o]31, EEHAK= 33,9666(21/ e o2 ]3| dofE <] ¥
Fo2HE Filo] Hafof glojg Rt F& & 4= Ak

]3] 2322 2010955 201997H4] 1017F 22971 Al - 2
T Wk ke A 2E £2E Yehich, dickee] 7
B3 ogtoll 7hgar Batghe] WA vEhs vk, 987 24
A o Sl gafolzt Y usrt vebdtt, A& S,
(I™ 2004 A gixg gsfoo] HAFALHB sec-
tion), T8N A o] WAIFA] AR AP H = =7 e
 Z1%(A section)®] olof BFFIcE, 0|9t o], mafjolat Y
m|fj2] HAY -2 RIEA] YAJEHA] G324+ Sich

E dAFoxe gsfdzt Agusf 7he] JHBAE gotir|
8l Kendall's tau®] <=9 A=A 242 AA8FT Kend-
all's tau®] 9] A= 5+ #i= 7H A7 vlalg = el
AY of FLE=WHo R 3 g I i dE e 3
7Fk= Siet adhe Sia AN 24t 1 Aol A
TAIE B3 Aol AiAleE 1004 174 ¥9E 7
4= Qlat, o) AFEEA 9] 73 0.40014 0.77H1= AEAI7) 9
okl 2o, 020014 0.47H1 ot EEAE Qlotal 2o, &
A A3}, msfzt Q1 ud] 2| & 7} Kendall's tau 9 A2
10,2489 F=2 oFgt oo AATAIE 2= A o2 YElt
ol F AFE bl WAPE Slovt #A Q| vt ul$- wA= 4
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=& &4 0k ol F2 A 71E v Aol Al T
e gR| B kL e Aol Warus] ARk 451l
&3 st Hlof S8k o5& AIARIT

2) ARl 7|=EH 2M

£ AFoA Az 8= Je3erd 2w gt
712 AR (R oot 2 A3l =3 291 Y Al e
AW+t 118, 18mm 9] 12 Ueh FAFE¢ 71l & Fd| ==
F80mmE Wi AZ ¢ 4 Aok WFES 49 Ak
- 0.490]|3 HHAZEL 6.0Y2 AFT S T Y47} o A
A3} 22 A <] WAL At

U= 29 F E9F 54 dPehe ‘¥ GEFY HE
2 F53ko] 0.67%%1 H Hlsl, AR 69.02%% YER}=H],
ol LTyt FAEA I Fo] ek, FAY ) = &
vzt 38 33 F olkE(60.6%)9F 579 (23.1%)2] H-&0]
T2, olfES AL AN F dEAd FH {8 o
theE ARAJskaL, SESEe] e Aepd et A B A9
oA HG-&ol A vepdtt. ‘A7ts B vE2 A& R
gt 6t FAlet A7 = 83.64(%)2 A= WtgEoh ¥ gt
& HolAut, AU s v|53t 67) 27 mof B AA|A]- o] 3
T2 13. 9B 2 o T2 3k H2lr}, of= "A]7k3 WA v
&0 AR oA ©] 27 Yepge] uet TAR ] Fa iz
7t eSS UERd

3, A% 29 F AT tjy] SkpdA AL F S Bt
Fhol 3.77(8 /4 M)H), Hkgh 0.02(4 E/Y-2QD), A
2 93.48(H E/Y-E BT} A2A)9 A7) =] Sh=aA
A8 B2 22 5.08(H /Y- 2, 8.73(H /Y- e
Ho o ¢ 2 31 Kol ¥, FY=E HEd 67 =2 &
HRAA|A] - 28] Bk 2.79(H E/Y- Dol 23, of= QA+
o] BIE-S 33 3k AE] ifo] Ed A GojA] AiE e
2 53E HoE v, TAA Y] B4 gt JRio] Qe
A7k} WA i) SR E AL 64.75%)2) BEake Hola, 19]
T EATYE WAL 19.5(n/Q) 9] HatghE Btk SRR A2t
TAEH F Ao s A= R 2 Bk Hols
A9 Zeeet Aepd- B, - SEE Uepi g,
&AL titA), AHARE SRR G EAFH F A o] s
A= Bt B HFiE Boly, Fezo] wol H4m]
3 Yol =22 & 4= AUtk

2. F=pafshof] WE FL UFFARL X
1) 717gks 28

F RA A A2 ) g s B 713k
g FeFiokagle] Aol FElA7FYl digt e 3] S8 &
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Table 4. Basic statistics and feature importance ranking

Basic statistics Feature importance
Category Indicators Variable name Unit Obs.
Mean Std. Min. Max. Property Human
Dev. loss casualties
Average of maximum .
3 A daily precipitation El_rainfall mm 229 11818 2639 715 2061 o o
factor Average of days over )
a0 raintal El_rainday day 229 18 080 04 60 © e
Share of old single Sl_oldsingle 2
— - % 229 1987 1525 067 6902 © ©
Share of urbanized
Physical ~area per Sl_urbanarea_% % 229 4627 4283 033 1000 © O
factors administrative area
. Share of river area Sl_riverarea % 229 208 325 00 2393
Dens';fog‘;ﬂeep Sl_slope pointsA¥ 229 012 014 00 106 © o)
Economic Share of basic 2
— livelihood recipients Sl_poor % 229 437 1564 122 958 @] ©
Population  Share of old and -
Factors young people Sl_oldyoung % 2729 2326 687 805 4021 O ©
Daily sewage pipe ACl_capacity  thousand ton/
capacity per person sewage_pop day-person B R SRk G0 SaiE © o
Share of green area o o
S ACl_green_% % 229 o475 2124 00 9284 o
Physical Urba“pgggoireaper AClLurbanpark  ni/person 229 1950 1842 00 130.60
factors P
Share of detention
basin and water ACl_reservoir % 229 011 031 00 330
retention facility area
ACI
ool ACI_embarkment % 229 027 029 00 211 o o
embankment area
PEGHDDIR:  EReski b ACI_finance % 220 2038 1283 40 689 ©
factors independence
Share of medical people/
. personnel per ACI_doctor thousand 229 190 222 044 2456 O @]
Population  thousand people people
factors -
De”S'Wcognl;f safety  aci119 pointsk¥ 229 008 013 00 106 O o)

© : Top 4 feature importance rankings
O Between 5" and 8" feature importance rankings
o - Between 9" and 12* feature importance rankings

AFolA= 71ASE R8-S 283t ol 7SS 28 5§
o oAl Aol WAk AHAAE 2oFellAl Z1AIEE
2] Jeter A RPEG o 2 A0 R dA 7] g
o|tHTehrany et al, 2014: o[4¥ 21, 2016: 243 2], 2018:
Chen et al., 2020). °]°l] & AFoN= 71& A& AR
Fo= Hrydo] YL vAe AeHFadS 4% AT
oA Yol7t, 71Alsks BgS &8sl Aeuslel Hera el 7t
YF WAE A EIA B, ol 93 AP Ry di
2Rl 71A8ks 29 4711 9] o] df3f Briste] F2 45

Hol= BYe gl 7IAtks 2¥L A diolEE g
FEEY} P FEOR S, TG HlolEE 8 2¥ +%
%, W7} dlojele] AAgla} Byl 2sf oS gk 712 Aole
T 2| HEy R/EES BRI & Aol B9
& ZEsto] Hafd} AP HHE +F5h] g, HFRY
o] W7t A= AAgEe] 4k o] ol S5gke) At vl HER]
= R*A ()3 A=t} AAG 2419 & Hi= RMSE(H
()<t MAE(] (3)& &3t wehA p2= &3, RMSES}
MAEE 22 BEE 50 $2 Y02 A&,
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HYBHL}- SAHEI

Ei(yi_ ?;';)2
R=1— ——————— (1)
Ei(yi_ y‘i)2
@)
MAEziilyt-—y;I 3)
ni=1

£ dollx= sk B2 HA Hlole 9 80%2! 18371, W7t
HEL2-20%%1 46702 Tstal, RHEG A HAFE WA|E7]
A3l ZH2te] mFo gt ujrfeE 245t 2EH A9
o o W7} A vhe (R 59 2t 2% Wy Aw, o
sl Qg ulsfol chet 7] AIShG L3 AP BPEY %
= Ay} g Bt weha] AP A BAE 7Hshk=
Agsly 2R HAFAY BAE 23 5 = 71AEE
2ol o AgE &+ AUk

73]} O] ¢ Gradient Boosting Regression®] R?=
64.05%2 71 ¥al, RMSESF MAE= 247 16,91, 10.172 7}
& gt whd QY us] 23 HrlofA= Random Forest
Regression 80| g27} 31.49%% 7P 3L, RMSE 27.82%
MAE 13.54% 7} Yo} 8 %S AMg-stict. wjajoizt 91
3ol p2gtell o]zt A Yeht= olfi= Am £29 §4
zjo] wfjizolct, wafiHo] nla] QP u]ae] A= EE= 0 gho] B
= 5402 dvkAQl AFsl B3 or FHo| oYt} Ef
7|8k 7|A18kG 232 HlolE ke E&sh= 3o 2l8f ¥k
gh5stal, ofuf Hdg £8sh= 752 dISAY A5 9 24
£ &35l B4 glolH, Regression 282 £8H AT W
oA AF3H RPOo2 o&gkE sz WA o]7] wiEe] <
Juja] 4 2H o) Ay sl =4 2o uls] Ao
2 W& ho] gk

Random Forest®} Gradient Boosting 27 E&] 7|4t &
POz T HoleoA o7 7|9 HES AL, 4 HE
A SAHER UR-E B8l SR AR 5 M B2 geE 49

Table 5. Machine learning model accuracy

E3h= Aot FARIE &8 o2 719 - dlolH Wof
A golo] AEE B0 AFF g A did, 2%
o] E& tloeof] TH=dHA| ] == B FHoverfitting)S
WA & glal, 520l £ Gradient Boosting model2
Random Forest®} @] o] Ez]o] 2215 Holsh= 4o g
E@E HEE Aolo] AthHa and Kang, 2022; B4 ol
%71, 2022).

E A7 A& Python W &S 7|A8ls elolBe el
Scikit-learn®|4] A|&38H= Gradient Boosting Regressor®}
Random Forest Regressor ¥4= S&50HE E83}o] 28
& =315t} Gradient Boosting model®] F8 hyper
parameter2¢ FA8 eSS A= n_estimators, °1H
Ed]9) o5 i 7381 BAEA] AH|of8l= learning rate,
7} g S 28Es B9 vlE&S UEhl: subsample,
Ed9] Hd ZolE AT max_depth F°| Ut THH,
Random Forest Regression 2% 8 hyper parameter
2= A4 Ef 9] /45 XAS= n_estimators, = EE &
517] 13t 24 AME dlolE & A8H= min_sample_split,
2|2]9] £2-& H3l 212 Hd 54 7H5Q max_features, E
219 Fdf| Zlol= 8= max_depth F°] git} & A-telA
2|23} hyper parameter®] 415 37| 98 GridSearchCV
25Z 839k GridSearchCVE hyper parameter ¥
B FoA 7P 2 A2 R R4S A, ol &R d
olg WollA F7+& E8sle] wat FEshe WiHol, olE &
3 ==€ A9 hyper parameter 22 H3{Y HFPL2
n_estimators= 100, learning rate=0.04, subsample=0.5,
max_depth=100]32, QIFH]3] 2FL n_estimators=300,
min_samples_split= 10, max_features=2, max_depth=10

o2 A3t

2) Z=afsholl FE2 nlxl= FL2 ErFUQL!

Gradient Boosting”} Random Forest & oA <= F{oF
93t o5 Hsusf 2 BAE 1435171 $13f Python W 3
A 9j7]2]Q] SHAP(SHapley Additive exPlanations)= -85}

Property damage Human casualties
Model
Rr? RMSE MAE Rr? RMSE MAE
Linear Regression 0.4965 2251 148359 02172 299869 167414
Random Forest 06274 222272 109758 03149 278187 13.56386
Gradient Boost 0.6405 169111 10174 02748 30171 18.9952
Cat Boost 05488 239248 12.2997 0.2931 28851 17.0757
XGBoost 0.6604 232672 14.36568 02574 329621 17.7265
*p-value<0.01
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%tk SHAPOA ZF £49] 7|9 %= A2 8 AR&Sh= shap-
ley values®h A Y022 vFO2 Ao 7 Ed0]012] 7|9
=5 Allsts Aotk &, B 7|9ES A= fsll 4
o §4 232 4451, sl 549 F50l wet diSae B
S1g Barsto] LERd 2ol  Aloie B dAE Y
ol 2133t Tree SHAPS B85 Gradient Boosting Regres-
sionZ} Random Forest Regression 222 3)43}ict,

Shapley value g ©]-83l o] B8 49 Fok
(feature importance)& AFESICE, 3 SA40] dis] dl=2d
shapley value®| A9t 27|12 4Pg8= WA1E Local feature
importance®} 531, o|& Z} E4dof o3 Aoigle] o E A
71& YERd Z1] Global feature importance®} 3}, 2 A+
o= 54 M 3o =709 wet diEgkel viAls 9% ¢
WA Q1 A/ 3 4817] Y184 Local feature importance s
3| A5HA] il 0|5 EUR Global feature importanceS 3f
Azttt & A7oflA= <& 63 20, Global feature impor-
tanceolH B4 g3 o210l 7101 (Shapley value) 7+ %(+)
o JRPATE Sl A HEM0 2 HaAsk, S()2) BB
7t Q= B FENCE B YA SR Global fea-
ture importance 314 9] F2u]dE 312t 9] 3-47]
0] =9 FF WHdel dhsf sfAZcHEREY - ol
2022; °lAls- 1A, 2019).

ajdiof] 2 v|Ae TR EHOE F TGEFHE BlE
(si_oldsingehouse %)% ‘Y o] 7=5Hei rain_year) > ¥
()8 ez Qo] v A Uepdch &% 309 ol =
T SS5F9E YA A9 =F32 A =EA] Y
7t 2T 7Hs/d0] 7] fEoltt. o9t e A% S ==
< U2 A2 AT A HSiE fEskal, 22 g u3Yy

Table 6. Result of SHAP value summary plot
SHAP value summary of property damage

s _oldsinglehouse_%
&_rain_year
si_urbanarea_%
aci_finance
aci 119
s_oldyoung_%
aci_doctor
si_poor_%
&i_day_year
si_slope
aci_capacitysewage_pop
aci_embark_%
aci_reservoir_%
aci_green_%
aci_parkarea_pop
si_river_%

o 1 2 3 4 5 & 1

SHAP Value (Red = Positive Impact)

o] =) WA 3= FFol AUt

BHA, ‘A)7s} W] H]&(si_urbanarea %)'T A AHE=
(aci_finance) &= T3 WAYo 2(-)2] FHIAE 7HAH F2
g FFagles yepdo 2d 10879 s s Ao
76.5%7} 3814 D 3fjo]H (AR, 2020), At 5147 A
T AT Ao E HE Y A5 WA, vl &
Z 313 ¥ 9 sl A Bol FEHALY ol eistd
A T B2 R85k 9 2, ARTAEY B
of PAFL Aoz £AEN, 0|9 22 IHF EAIAZAE2
EARAGEL BEAAG(EEA Y, BHAY, AASFERA]
o 59 S=AGeR x)Eo] Be|=E EA4o] oot wetA
SEX QA9 HIEAIRY Blgo] £24F, 5P 9 52, APL
Aol 4] WSt FEAIE Aeudido] A YAk 4
o] = ALE SNt Y A-EY B, AAAY At
ke Fnrzge] gig JE=rt £31, AR FE viA
517] $l3ll = AR Akdeiiito] Bashy] wizel Hs=ulsfiet
TAAHI= P Y AT, 2020). &, A7 AR =7t 52 ARA
© Aderdoit ot golsty] wiEel] Aoy - Al
AY 84 AA A 7|15 35, Adebd #e SR AL 15 %
71 ZA3HE A% i FAZH AR o o O A A &
Yrr 2 A2 A = A ai7t 22 9%l ot

B, A3 F7lol ¥ VA= 58T 4= 'ghot
U =2} Hl&(si_oldyoung %)T UG A AIETF
(aci_capacitysewage pop)’, 712&FAF Hl&(si_
poor_%), =& W58 HlE(i_oldsinglehouse_%)’ 8210]
A Uebstch ghot 2 =84 e 7| 2A8eg A HE 2
A usfe}t F(+)9 H4uEBAE e A= Yehdtt, AAH
okt Al WA A A% B 2 A3 of-3 Hgol RE3t

SHAP value summary of human casualties

s_oldyoung_%
aci_capacitysewage_pop
si_poor_%
si_oldsinglehouse_%
si_urbanarea_%

aci 119

aci_doctor

si_slope
&_day_year
&_rain_year
aci_green_%
aci_embark_%
aci_reservoir_%
si_river_%
aci_parkarea_pop
aci_finance

0 1 2 3 3 5
SHAP Value (Red = Positive Impact)

Joumal of Korea Planning Association Vol.58, No.3 (2023) 150



e f S

I, A FoFle AR AVIR AeFeF Aol AT
7Es40] 7] gl o2 ErlTellman et al,, 2020; Alder-
man et al., 2012; Jonkman and Kelman, 2005: Lowe et
al., 2013). E3 =3 GEFHE H[&o] £ A HojA4 AP
7} 3A| A= 9] e, ole =¥ 95T W2 F
Aulg22 l3f FHeAlSe] A5 vlgo] #A WeERtaL, el
e 79§30l st EolehA g4 - -4, 2019).

Hh, SleiA A8 BT de} ()] A7 Y
ERF e 2N Sl Ald-ERo] SIS A8 st
= ol 35S ulRitt, A AAUU R w8 F
FHo| RIWsHA AF=zol, %t A2 A8 &5 55 Al
v A28 e ST L) Ao 295
Toe AR U7 A Ee] 8 Hlez Ag3] g2
(Jonkman, 2014) 337 A8 Q1 ujs) WAyl s
P R

3. PDPE &st H|MidztA &4

A A A 2R v sfat Qg shof didt F-Hord &
Q19 vjdEA FFHL AFA thE7170 HiF 2= 271 A3k
2 AFoME 71ASkE 232 A5k A% o E e
PDP(Partial Dependence Plot)& &-831AtH 3k 7) =), ©]
€ 9 40| dEgkel njAle 92 Ao B3] 9
g pHeR gt digh d¥ £49 4 AxHmarginal
effect) & =2 FRIF 4= 9k, PDPE 2 ¥ 7 A
7h 922 7Pk, B U8 S42 Al YA o B4
< Wag o2 1APS w, W U549 ol w2t #slst
£ %29 £2E YerdthHa and Kang, 2022). old, 574
U8 AN BHE = dSA= B4 YEA U 2 S
o EYUstA 2Lt HE W ASE= 4 Ftghol7] W,
AE 7 A4Eol o ohE AL, dSgtol AdiEe] 2= T
A7} glet, & AollAl= Python W 84] 371214l Dalex® ©]
&3] PDPE 18|11, Y E43 oS 7 AF A % v
AZPAE A5

£ AFore Aaevsfof diste] W= Fo =71 &, v|AY
22 BAE Uehlls AT 2U(EL SI, ACDE di®32
7o ¥seof i PDPE sAstarz} gich. 9 Feature
importance plotolAl< B4 =5 SHOE vsjd} Q1Y
mj8]e] FaR=2] 2jolE A, PDPoA= 22 A&
ot X=u| s Y} Qi ulsflof gk W4 B &= 2}
ol& vlus}7] S8l AP R R HeE 4
atoich afdel] gt F& &% (Partial Dependence)=
20Cd 9/QD)F-E 1000 ¢/2D)2] MHE 2= vH, 1Tl
gk B2 9JE%(Partial Dependence) 15(%1/4%HeDIA

160 rREA, M58 Mas (2023)

40(/ARN L) FHE 2=t FEHA=PDP ERS ZE A
FHAAIE FAHOE S ohg L), WA, Y Ho 7
2 gsfdel il 120(mm/ D)2 190(mm/Y) AtelofA] T
AFoZ FFo| ol A& & 4 Uk ¥H, AW
A= 160mm/Y) o delAgt FaFelo] w4 vehdtt, o]
98 o HAd <= 160(mm/Y)olA] Tlsflzt Q1 u]s]
BE ¥ SRS oujta, o= A& 71849 E97t Y
U 20229 89 8Yol|A] 9Uf A& §F o Ao ggt
7 2447 A& Hd A 435(mm/Y)E BSE B
aeshd,Y 11 FA] 792 36,78%0 sk - AYolA
T majfat szt w4 WA= GFol 2 &+ 3
o}, 3H4, 20209 8 74 8Y olF B AV AR 9
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Table 7. Result of partial dependence plot (PDP)
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